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GEOLOGY .—Titanium-bearing corundum spinellite (rock em- 
ery); a preliminary statement of its occurrence and composi- 
tion in Virginia. Tuomas L. Watson, University of Vir- 
ginia, and GrorGe SreicerR, United States Geological 
Survey. 


It is proposed in this paper to summarize briefly the geologic 
occurrence and composition of a type of mineral deposit (rock 
emery) in Virginia that possesses considerable scientific interest 
as well as commercial importance. The rock name spinellite 
applied in 1893 to certain ore deposits at Routivare, Sweden, is 
suggested for the ilmenite-magnetite-corundum-spinel aggregate 
from Virginia. The geology of the Virginia area, including the 
bodies of rock emery, will be treated at some length in a report 
of the State Geological Survey, which is in an advanced stage of 
preparation. 


RESUME OF THE AREAL GEOLOGY 


The area is in the north-central part of Pittsylvania County 
near to and along the west side of the Southern Railway, about 
40 miles south of Lynchburg, and 20 miles north of Danville. 
Whittles, a station on the Southern Railway, 5 miles north of 
Chatham, the county seat, is the present shipping point. 

As mapped by the Virginia Geological Survey, the area com- 
prises approximately 20 square miles. It forms a part of the 
erystalline rock complex of the Piedmont Plateau province. 
Its surface is maturely dissected, averaging in elevation about 
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850 feet above sea level, and is characterized by the absence of 
marked relief. 

The rocks are all crystalline and include a variety of metamor- 
phic and igneous types that are prevailingly deeply weathered, 
so that outcrops, especially of the metamorphic types, are few. 
Schists and gneisses, chiefly the former, compose the rock com- 
plex into which the igneous masses are intruded. They probably 
form as much as five-eighths of the area mapped. Muscovite 
schist with or without biotite and common red garnet is the pre- 
vailing type, although other varieties of schists occur. The gneiss 
is biotite-bearing, in places garnetiferous, and is of granitic com- 
position. It was derived probably from an original granite, 
while the schists were almost as certainly derived from 
sedimerits. 

The strike of the foliation of the schist-gneiss complex is to 
the northeast, ranging from N. 10°—85° E., with a probable av- 
erage-of N. 50° E.; the dip varies from 40° S.E. to vertical, with 
a probable average of 65°. : 

The igneous rocks, including granite of several kinds, olivine 
norite, and olivine: and olivine-free diabase, are intrusive into 
the schist-gneiss complex. Olivine norite intrudes the granite 
and is therefore younger, while the diabase is limited chiefly to 
the schist-gneiss complex. With the exception of gneissoid 
structure developed in the granite in places, the igneous rocks 
are massive. Quartz veins and pegmatites of granitic composi- 
tion are abundant. Black tourmaline and red garnet occur in 
the pegmatites in several localities. 

Of the igneous rocks in the district granite, which probably 
forms three-eighths of the area mapped, is the only one that 
needs be considered, since the ore bodies are always closely as- 
sociated with it and the two are undoubtedly genetically re- 
lated. Two varieties of granite which are strongly contrasted 
occur: (a) granitite, or biotite-granite, with or without musco- 
vite, and (b) muscovite granite aplite-pegmatite. Both are 
commonly massive although gneissoid structure may occur 
locally. The two varieties appear to be intimately associated 
in places and the muscovite aplite-pegmatite may carry minute 
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scales of biotite sparsely scattered through it. The ore bodies 
are associated with the aplite-pegmatite and not with the 
granitite. 

The granite aplite-pegmatite is a white muscovite-bearing rock 
which exhibits the usual irregularities of texture of such rocks. 
Chemical analyses, as would be expected, show it to be distinctly 
more silicic than the granitite. Microscopic study of thin sec- 
tions shows the principal minerals to be quartz and feldspar 
(orthoclase and albite in varying proportions) with some 
muscovite. 

The chemical composition of the granite aplite-pegmatite is 
shown in table 1 below in the average of three analyses of samples 
collected from different parts of the area. 


TABLE 1.- 


AVERAGE OF THREE ANALYSES OF GRANITE APLITE-PEGMATITE, PITTSYLVANIA 


County, Vireinta. (S. D. Goocn, ANALYST) 
Per cent 


SiO....... Fees 76.19 
Al,Os. Pp RE REINS ee 15.14 
3, RAs , . 66 
FeO.... ets Fa.3t Ca 


. trace 
47 
4.16 
2.29 
.05 
1.06 
.02 

eo 
.02 
none 
100. 36 

Sp.Gr..... eer Se 


@ Average of three determinations on separate rock fragments, ranging from 
2.659 to 2.693. 


Calculated in the usual way, the principal normative compo- 
sition of the rock corresponding to the above analysis is: 


Quartz 
Orthoclase 
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THE ORE BODIES 


From developments thus far made, the emery ore bodies are 
quite similar in mode of occurrence to many titaniferous mag- 
netites in gabbroic rocks and to the Virginia nelsonites. They 
form sharply defined vein-like masses or lenses which range up to 
6 feet across, with the greatest length thus far exposed in prospect- 
ing of more than 120 feet. They may occur either in the granite 
aplite-pegmatite or in the schist near the granite aplite-pegmatite 
contact. In either case the much greater resistance of the ore 
to weathering than that of the inclosing rocks has resulted in 
the surface being heavily littered with large and small masses 
of the emery. 

Contacts of the ore with fresh granite have nowhere been ob- 
served, since the openings are shallow and are confined to the 
residual decayed product of the granite. Along the margins of 
the ore bodies there is usually abundant chlorite up to several 
inches in thickness. The chlorite may exhibit a rude vertical 
banding, the bands of which sometimes alternate with similar 
ones of ore, limited in all cases to marginal positions in the ore 
bodies thus far developed. Chlorite occurs also in bunchy form 
in the ore usually distributed through the marginal portions of 
the ore body; and, as a rule, is absent from the other parts of the 
rich massive ore bodies but may be an important constituent of 
the lean ones. Indeed a characteristic feature of the rich mas- 
sive emery bodies is their freedom from micaceous (chloritic) 
minerals so common to emery of many localities. Chlorite is 
similarly associated with the ore bodies occurring in schist. On 
weathering the chlorite is removed and characteristic pitted 
surfaces are developed in the ore. 

The ore bodies in the schists are genetically related to the 
granite aplite-pegmatite and are formed very near to the schist- 
granite contact. They range from mere stringers a small frac- 
tion of an inch thick to veinlike bodies or lenses 5 or 6 feet across. 
They conform closely with the foliation of the schists, although 
exceptionally they cut across the schist structure. In the open- 
ings thus far made the schists are in an advanced stage of decay, 
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yielding varicolored residual clays, chiefly pink to deep red and 
brown, in which the structure of the original schists is usually 
completely preserved. The ore bodies have a general north- 
easterly strike, with steep dips to the southeast which frequently 
approach the vertical. In the thin stringer-like bodies, closely 
spaced and alternating with thin bands of schist, many speci- 
mens exhibit beautiful folds. Chlorite is similarly associated 
with the ore bodies formed in the schist as with those formed in 
the granite described above. Marked contact effects on the 
schist are shown in places, involving the development of an en- 
tirely new set of minerals, including sillimanite and some andalu- 
site with the ore minerals, spinel and magnetite, and in places a 
little corundum. 


PETROGRAPHY OF THE EMERY. 


The rock emery is a heavy black fine-grained crystalline ag- 
gregate that resembles somewhat closely a homogeneous fine- 
grained magnetite ore. It is an exceedingly tough rock and is 
magnetic from the presence of magnetite as one of its constitu- 


ents. A small horseshoe magnet will pick up very small frag- 
ments of the ore but will usually not lift pieces a half inch or 
more in size. The texture of the ore may or may not be entirely 
uniform. More often it is uniform but frequently difference in 
granularity (size of grain) even in a small hand specimen is 
emphasized by sharp usually parallel boundaries which impart 
a distinct banded appearance to the ore. This difference in granu- 
larity seems to be more frequent in the ore in schist than in the 
ore in granite, but it occurs in both. In the coarsest textured 
emery the mineral grains do not exceed 2 mm. in diameter, 
while in the finer textured rock, which includes most of the ore, 
they are under 0.1 mm. 

In the most of the ore none of the component minerals can 
be distinguished by the naked eye. In the schist occurrences, 
however, the ore contains corundum sufficiently coarse to be 
readily identified on sight, formed usually in small segregation- 
like areas or bunches or as thin lighi-colored bands or streaks, 





670 WATSON AND STEIGER: SPINELLITE FROM VIRGINIA 


less often as scattered single crystals. The corundum crystals 
measure up to 2.5 em. long and 1 em. wide, but probably most of 
them range from 1 to 3 mm. and under 1 mm. in size. They are 
usually clear and nearly white or colorless to light grayish, but 
many are light to deep blue. Megascopic corundum, however, 
has been identified only in the ore in the schist, none having yet 
been observed in the ore in the granite. Otherwise the ore in 
its two rock associates is identical in appearance and cannot 
be distinguished in either hand specimens or large masses. 

As a rule the ore is entirely massive, and is cut by one or more 
sets of joints irregularly spaced, which break it into blocks of dif- 
ferent sizes. Exceptions, however, are noted in some of the 
schist occurrences where thin bands of ore alternate with similar 
ones of schist, and in those places where tiny bands of light-col- 
ored corundum are developed, or under conditions mentioned 
above where difference in granularity is shown. In each case a 
rather distinct banded structure is apparent. 

Microscopic study of more than fifty thin sections of the ore! 
shows it to consist of a fine-grained interlocking aggregate of 
spinel (pleonaste), magnetite, and corundum, with some ilmenite, 
and in some sections a brown mineral whose identity has not 
yet | een established. From the optical data it is possible that 
the brown mineral may prove to be a new species. In addition 
to the minerals mentioned some sections show sillimanite, anda- 
lusite (chiastolite), and a pale-green chlorite, possibly corundo- 
phyllite. The dominant mineral is spinel (pleonaste), which 
makes up 50 per cent or more of the rock. All the principal 
minerals vary considerably in amount. Corundum, for ex- 
ample, may be abundant in some sections and almost or entirely 
wanting in others. 

The spinel occurs in rich green, sometimes brown, grains, which 
may show partial crystal outline, and is, of course, isotropic. In 
the coarser grained rock the spinel grains «o not exceed 2 mm. 
in diameter, while in the finer grained rock they will : verage less 


1 The microscopic description that follows relates entirely to the schist occur- 
rences of the ore; study of thin sections of the granite occurrences of ore has not 
been completed. 
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than 0.05 mm. Inclusions of magnetite and corundum, espe- 
cially magnetite, are rather common. Thin plate-like interposi- 
tions of magnetite or ilmenite oriented with the octahedral cleav- 
age are observed in many spinel individuals of some sections. 
Also the substance of the spinel is frequently crowded with minute 
black dots in such abundance at times as almost to obscure the 
host. These are often confined to the central portion of the 
spinel individual like the inclusions in some leucite. Alteration 
from weathering into a nonpleochroic isotropic reddish brown 
substance, the composition of which has not been investigated, 
is common in some sections. Usually the alteration product 
forms distinct rims which strongly contrast with the unaltered 
rich green cores of spinel. 

The composition of the spinel is shown in column I of tab!e 2. 
It is compared with analyses of spinel of the Peekskill emery, 
Westchester County, New York (columns III and IV), and with 
an analysis of spinel from the titanomagnetite spinellite of Sol- 
nor, Norway (column V). 


TABLE 2 


ANALYSES OF SPINEL FROM VirGInIA, New York, AND Norway 





- II III IV 





53.52 
10.35 
24.53 


10.02 
0.92 
0.67 








100.00 | 100.00 | 100.00; 100.00; 100.30 

















I. Spinel from Pittsylvania County, Virginia, rock emery area. George 
Steiger, analyst. ; 

II. No. 1 calculated to a silica and titania free basis. 

III and IV. Spinel from Westchester County, New York, Peekskill rock em- 
ery area. G. Sherburne Rogers, Ann. N. Y. Acad. Sci., 21; 69. 1911. 

V. Spinel from titanomagnetite spinellite, Solnér, Norway. J. H. L. Vogt, 
Zeitschr. Prakt. Geol., 1900, p. 237. 

* Spinel and corundum were obtained as a residue after repeated treatment 
with strong hydrochloric acid. Corundum was determined separately and 

deducted. 
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The results given in the table above indicate the differences 
in composition of the spinel from the three widely separated 
localities. By way of comparison attention need only be di- 
rected to the closer similarity in composition of the spinel from 
Virginia and Norway than that from New York. Upon further 
comparison with analyses of spinel from other localities, the Vir- 
ginia mineral is remarkable for its comparatively low MgO and 
high Fe,Os. 

According to the analysis given in table 2, the Virginia spinel 
corresponds to the formula (Fe, Mg)O.(Al, Fe).Os, in which FeO 
is molecularly greater than MgO and Fe,O; isslightly more than 
one-eighth of the Al,O;. In the comparative'y high Fe.O; the 
mineral shows similarity to chlorospinel, while in the protoxide 
ratio (FeO molecularly greater than MgO) approach toward 
hercynite is indicated. It is, however, apparently more closely 
allied to pleonaste to which it is referred and in which Fe,O; on 
chemical grounds is shown in this case to be isomerphous with 

Al,Os. 

' The spinel in the New York and Norway rocks is also referred 
to the variety pleonaste by Rogers’ and by Vogt. Williams‘ previ- 
ously concluded that from low MgO (about 9 per cent) shown on 
analysis of the New York spinel, the results of which were un- 
fortunately lost, the mineral closely approached hercynite, al- 
though on a later page (197) he remarks, in commenting on other 
analyses, that in ‘‘a very large proportion, if not all, of the New 
York spinel, the samples consisted of pleonaste.”’ 

Magnetite, the second most important mineral quantitatively, 
is usually much less abundant than spinel. It is developed in 
grains that often show a strong tendency toward crystal outline, 
although good crystals are rare. The grains will average slightly 
less in size than those of spinel and are scattered among the 
latter with which they are intergrown or interlocked with sharp 
angular boundaries, and are also formed as inclusions in both 
pleonaste and corundum. 

? Rogers, G.S., Ann. N. Y. Acad. Sci. 21: 69. 1911. 


* Voar, J. H. L., Zeitschr. Prakt. Geol., p. 237, 1900. 
* Witurams, G. H., Amer. Journ. Sci. 33: 195. 1887. 
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Corundum is subject to wide variation in amount and, with 
the exceptions noted above, it is usual'y not visible megascopi- 
cally. It may fail entirely in some thin sections and may be 
present in considerable quantity in others. In the bulk sample 
of the rock yielding the results on analysis given in table 2, 
the corundum was estimated at about 18 per cent. It is devel- 
oped both in grains and in distinct crystals of prismatic habit, 
which measure up to 0.12 mm. in length. The corundum gen- 
erally cuts sharply against the spinel and magnetite, but in 
places the boundaries are irregular and rather indefinite, suggest- 
ing, in such cases, a form of intergrowth with the ore minerals 
indicating approximately simultaneous crysiallization. How- 
ever, it seems reasonably clear that a part of the corundum crys- 
ta lized ahead of the spinel and magnetite. 

Inclusions of both spinel and magnetite occur, especially the 
latter, which may be grouped at times in areas of minute rounded 
black particles in such abundance as almost entirely to obscure 
the substance of the corundum. Regular rhombohedral parting 
is frequently well developed and, as a rule, the individuals are 
marked by irregular fractures or cracks. 


CHEMICAL COMPOSITION 


Composition of the Virginia rock emery is shown in the de- - 
tailed chemical analysis in column I of table 3. For purposes of 
comparison two analyses (II and III) by Rogers of the Peeks- 
kill emery, New York, and two of the Naxos emery (IV and V) 
by Papavasiliou are tabulated. 

The differences in chemical composition of the emery from the 
three localities, strikingly shown in a comparison of the analyses, 
are differences that express variation in the proportion and com- 
position of the minerals that enter into the make-up of the 
emery from the different localities. Higher combined iron ox- 
ides and lower alumina characterize the Virginia emery. Mag- 
nesia in the emery from Virginia and New York, widely variable 
in the latter, may be considered low for rocks in which spinel is 
a principal mineral, but in each case it can be accounted for on 
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the basis of composition of the spinel, the analyses of which show 
FeO in excess molecuiarly of MgO. It is essentially negligible 


TABLE 3 


ANALYSES OF EMERY FROM ViRGINIA, New YorK, AND Naxos 





< 


I II III 





1.93 
68.14 
1.43 
16.25 
10.02 
trace 
trace 
trace 
0.12 
1.15 
1.41 


oon BSn 
BSSSE8 


trace 


0.05 
0.05 0.04 
0.04 
0.15 trace 

none 

none 





100. 46 99.76 | 100.53 
4.152¢ 4.064 4.008 




















I. Rock emery 1} miles west of Whittles, Pittsylvania County, Virginia. 
George Steiger, analyst. : 

II. Spinel emery, high grade, Buckbee mine, Westchester County, New York. 
G. 8. Rogers, analyst. Ann. N. Y. Acad. Sci. 21; 64. 1911. 

III. Pure emery, Dalton mine, Westchester County, New York. G. 8S. Rog- 
ers, analyst. Ann. N. Y. Acad. Sci. 21; 64. 1911. 

IV and V. Naxischen handelssmirgels nach Oser. S. A. Papavasiliou. Zeitschr. 
Deutsch. Geol. Ges., 65: 87. 

« Average of five determinations made by S. D. Gooch on separate fragments 
at 24°C. 


in the Naxos emery because of the practical, though not entire, 
absence of spinel. Ilmenite, present up to 5 or 6 per cent in the 
emery from Virginia and New York, accounts for the appreciable 
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percentages of TiO, in the analyses—a constituent not reported 
in the analyses of the Naxos emery. é 

Pleonaste, corundum, and magnetite with some ilmenite are 
the principal minerals in the emery from Virginia and New York, 
while magnetite and corundum are the components of the Naxos 
emery, with little or no spinel and ilmenite. The wide varia- 
tion in the principal constituents shown in the two analyses of 
the Peekskill emery is due directly to difference in the proportion 
of the same minerals as expressed in the modes determined by 
Rogers.’ Omitting the less than 2 per cent of quartz, the mode 
in each case as given by Rogers is shown in table 4, 


TABLE 4 
Mopes oF PEEKSKILL, New York, Emery (Rogers) 





IIe 





Spinel..... 
Corundum 
Magnetite 
TN SS. oS OK A i cel 











* Corresponds to same number in table 3. 


The same minerals are shown above to be the chief compo- 
nents of the Virginia emery, but the spinel in excess of the other 
minerals, is shown to differ from that of the Peekskill emery in 
that Fe,O; isomorphous with Al,O; enters largely into its com- 
position. Variation in the mineral proportions is likewise an 
important factor in explanation of the differences shown in the 
analyses of the emery from New York and Virginia. 

The norm of the Virginia rock calculated by Washington from 
analysis I in table 3 is: 

Norm of Virginia emery 
Corundum 
Nephelite 
Olivine 
NINO Sia SENET ey eh al SE ES SL 20a a 
PR Sisces 26 aah A SS PD Pa 
(Mg, Fe)O 
Gi oi8 ith Saree cle AG etapa Ob i ARES AS OS a eae 





5 Rogers, G. S., op. cit., p. 64. 





676 THURAS: RECORDING SEA-WATER SALINITY 


Since the spinels are regarded as alferric minerals, the rock 
falls in Class.III, Subclass V, and in Section I of the C. I. W. P. 
system. 

THE NAME SPINELLITE 


The name spinellite, applied by Peterssen and Sjégren® «in 
1893 to the titaniferous iron ore at Routivare in northern Swe- 
den composed of the ore minerals magnetite, ilmenite, and 
spinel with the silicate minerals olivine and pyroxene, seems 
applicable to the Virginia rock. Indeed the name seems more 
applicable, since the chief mineral in the Virginia rock is spinel. 
Based on the group name spinel, spinellite would have equal ap- 
plication to the two rocks, since magnetite and spinel compre- 
hended under it are important constituents but their ratio in 
the two rocks is reversed. 

Since 1893 occurrences of titanomagnetite-spinellite in Nor- 
way and Sweden have been found to be rather frequent. They 
are grouped as magmatic segregation deposits in chiefly gabbroic 
rocks and generally contain 7 to 12 per cent of spinel,’ but as a 
rule, carry no corundum, which latter is an important mineral in 
the Virginia rock. Based, then, on mineral composition, the 
Virginia rock in which spinel is the principal component is re- 
ferred to spinellite, which would also include the Peekskill, New 
York, occurrence. 


OCEANOGRAPHY.—An instrument for recording sea-water 
salinity... A. L. THuras, Bureau of Standards. (Com- 


municated by S. W. Stratton.) 


In a paper published in this JourRNAL, 8: 145. 1918, a de- 
scription was given of an instrument for continuously recording 
sea-water salinity. This instrument has been constructed and 
tested and experimental data have been obtained giving the 
magnitude of the various sources of error. The present paper 


* Zeitschr. prakt. Geol., p. 269, 1893; Geol. Féren. Férh. 1893. 

7 Beyscutac, Voer, and Kruscu., Ore Deposits, 1: 250 et seq. (Trans. by 
Truscott.) 1914. 

! Done under the auspices of the Interdepartmental Committee on Ocean- 
ography, subcommittee on instruments; apparatus, and measurements. 
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is a continuation of the work on this instrument and concludes 
with the measurement of the specific conductivity (conductivity 
per cm. cubed) of sea water, in reciprocal ohms, throughout 
the range of concentration found in the open ocean. 

The author wishes to express his profound sorrow at the 
death of his associate, Captain Weibel, who was recently killed 
at the Front in France, while engaged in special scientific work. 
The loss of his advice and inspiration has been keenly felt in 
this development of his suggestions. His perseverance’ and 
encouragement in the preliminary work showing the feasibility 
of the method has been of great value to me in carrying out this 
work. 


DESCRIPTION OF THE METHOD 


The method consists in measuring the ratio of the resistances 
of sea water in two similar electrolytic cells; one cell is sealed 
and contains sea water of average salinity and the other cell has 
flowing through it the sea water to be measured. This ratio is 
obtained with a Wheatstone bridge, using an alternating current 


galvanometer and recorder. A calibration of the apparatus 
can be made at any time by using sea water of a known salinity 
in: the open cell. A compensation for the temperature coefficient 
of sea water is made by placing both cells close together in a 
temperature bath through which sea water continuously flows. 


SOURCES OF ERROR 


The preliminary experiments indicated several effects which 
might produce errors in measurement. The extent of these 
errors has been determined by use of the new multi-tubular 
cells in a Wheatstone bridge circuit. A sensitive alternating 
current galvanometer, designed by Weibel, greatly facilitated 
the balancing of the bridge. An enumeration of the disturbing 
effects is given below and is followed by a discussion of the ex- 
perimental data obtained. 

1. Change in frequency and wave form of the current. 

2. Change in the electrical capacity of the cells with change 
in current and concentration of the sea water. 
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3. Heating produced by the current in the cells. ° 

4. Temperature lag of the sealed cell when the temperature of 
the bath suddenly changes. 

5. Flow of sea water through the open cell. 

6. Time necessary for the resistance ratio to reach its true 
value when the sea water passing through the open cell changes 
in salinity. 

7. Air bubbles in the cells. 

Different frequencies and wave forms, of alternating current, 
were obtained from a machine giving a good sine wave form at 
1000 and 500 cycles and a power circuit giving about 60 cycles. 
Successive conductivity measurements on the same solutions 
with these three frequencies gave readings none of which differed 
by as much as 5 parts in 100,000. The open cell and sealed 
cell in the two arms of the bridge contained sea water of a salinity 
of 35 and 32 grams per 1000 grams of sea water. 

The electrical capacities of the cells were measured in a Wheat- 
stone bridge circuit by use of a vibration galvanometer and a 
variable inductance. Each cell was placed in one arm of the 
bridge in series with a variable inductance which was used to 
balance the capacity effect in the cell. Before making the meas- 
urements the cells were carefully platinized with a 1 per cent solu- 
tion of pure platinie chloride for three hours, reversing the 
-current every ten minutes. This covered the electrodes with a 
firm gray coating of platinum black. The apparent series ca- 
pacity of the sealed cell was found to be 11,000 microfarads and 
the capacity of the open cell 14,000 microfarads. These large 
series capacities are equivalent to small reactances and since 
these reactances are in quadrature with the ohmic resistances 
they only affect the balance of the dynamometer by reason of 
second order terms and are therefore negligible. No variation 
in capacity was obtained with sea water of different concentra- 
tions. Increasing the current in the cell from 0.05 to 0.25 am- 
pere increased the apparent capacity by 30 percent. However, 
since the capacities of the cells are large any change in ¢ (Tracity 
may be neglected as may also the reactances of the capacities 
themselves, for the accuracy required in this work. The Wheat- 
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stone bridge may, therefore, be considered as made up of ohmic 
resistance, and only a single balance for resistance, as in a direct 
current bridge, is necéssary. 

The heating coefficient, i.e., temperature rise per watt dis- 
sipated in the cell, for a stirred bath was found to be only 0.1°C. 
and did not change appreciably with the rate of stirring. In 
an unstirred bath the coefficient was about 0.3°C. For operating 
the recorder about 0.05 ampere in the cell is needed. This 
will raise the temperature of the sealed cell about one-fortieth 
of a degree above the temperature of the bath and open cell. 

The differential temperature coefficient which is here ex- 
pressed as the per cent change in the ratio of the resistances of 
the two cells, containing different solutions, per degree change in 
the temperature of the bath in which the two cells are immersed 
was found at various temperatures. 

The following values of this coefficient were obtained for 
salinities of 29 and 32 grams per 1000 in the two cells respectively. 


from 0 to 10°—0.00013 
10 to 20°—0.00009 
20 to 30°—0.00007 


From these values a small correction can be applied if the 
temperature of the sea water is different from the temperature 
at which the calibration of the instrument is made. 

The thermal time constant of the cells, which is the time nec- 
essary for the temperature of the cell to approach the tempera- 
ture of the bath to 67 per cent of its initial difference in tempera- 
ture, was found to be small. For a stirred bath the time con- 
stant of the sealed cell is 37 seconds and the open cell 34 seconds, 
and as in the case of the heating coefficient these values did 
not change much with the rate of stirring. For an unstirred 
bath the time constant was 62 seconds. As stated in the previ- 
ous paper this small time constant is sufficient to bring the cells 
quickly to the temperature of the bath for the maximum change 
occurring in the temperature of the sea water. 

The effect of flow in the open cell was determined by passing 
a thoroughly mixed solution through the cell from a large sup- 
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ply. No change in conductivity was obtained up to a flow of as 
high as 1 liter per minute. 

The efficiency of washing out the cell Was obtained by use of 
two solutions, one having a salinity of 35 and the other a salinity 
of 32. These solutions were passed through the cell simultane- 
ously. and the resistance of the cell was measured at definite in- 
tervals. For a slow flow (100 cc. per minute) the cell washed 
out to within 0.01 of the salinity of the second solution, after 
400 cc. of this solution had been used. For a rapid flow this 
degree of washing-out was attained with only 300 cc. of the solu- 
tion. This is much better than was obtained in the preliminary 
experiments on other cells; and is sufficiently rapid for the maxi- 
mum change in salinity which occurs in the ocean. 








Fig. 1. Bridge resistances 


A few experiments to find the effect of air bubbles showed that 
bubbles on the back of the electrodes caused. no change in con- 
ductivity and bubbles up to 3 mm. in diameter just in front of 
the electrodes gave no change in conductivity. A bubble 2 mm. 
in diameter in one of the tubes gave a change in conductivity 
corresponding to 0.01 in salinity. By tilting the cells 15 degrees 
any bubbles which might form in the cells will come to the sur- 
face above the electrodes. 

















Fig. 2. Resistance thermometer, electrolytic cells and bath. Sea water enters 
through the pipe (A) and passes by the resistance thermometer which is contained 
in the large pipe(B). The sea water overflows from this pipe and passes through 
the bath (C) and open cell (D) and then empties into the bilge of the vessel. 
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ELECTRICAL CONDUCTIVITY OF SEA WATER 


The electrical conductivity of sea water was measured in the 
sealed cell placed in a stirred bath. The temperature was main- 
tained at 25°C. to within 0.01°C. The resistance capacity of the 
sealed cell was measured with 1/10 N solutions of potassium 
and sodium chloride.* 

The electrical measurements were made by substituting an 
accurate resistance box in place of the cell in one arm of a Wheat- 
stone bridge circuit. The 60 cycle power circuit was used and 
no auxiliary capacity or inductance was used to compensate for 
the capacity of the cell. The resistance capacity was determined 
with one sodium chloride solution and two potassium chloride 
solutions. One of the potassium chloride solutions was specially 
prepared by the chemical division of the Bureau of Standards 
and the resistance capacity given by this solution has been 
used to measure the conductivity of sea water. Following are 
the capacities obtained with the three solutions at 18°C. using 
a frequency of 60 cycles: 

1/10N, KCl prepared by the Bureau of Standards.................5.182 


_1/10N, KCl prepared from Kahlbaum’s pure salt................. 
1/10N, pure NaCl 


Unfortunately the specific conductivity of standard solutions, 
at a frequency of 60 cycles, has not been measured. The re- 
sistance capacities given above are therefore only apparent and 
can be used to measure the specific conductivity of sea water 
provided the change in resistance with frequency is the same for 
a 1/10 normal solution of KCl as it is for sea water which has a 
strength of about 1/5 normaj. The resistance capacities ob- 
tained with 1/10 normal KCl and 1/10 normal NaCl solutions 
indicate that the change in resistance with frequency is the same 


* The specific conductivity of these solutions at 18°C. measured by F. Kohl- 
tausch and M. E. Maltby in 1900 are 0.011203 and 0.009202 reciprocal ohms respec- 
tively. As prepared by Kohlrausch the 1/10 N solution of KCl used in these 
measurements contained 7.445 grams of KCl to one liter of solution at 18°C. and 
the 1/10 N solution of NaCl contained 5.848 grams of NaCl to oneliter of solution 
at 18°C. All weighings were made in air and low conductivity distilled water 
was used. 
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for different solutions of the same concentration. Previous tests 
on the two cells in a bridge circuit also indicate that for small dif- 
ferences in concentration (salinity of 35 to salinity of 32) there 
was no appreciable change in resistance with frequency. The 
sea-water conductivity measurements have therefore been made 
with the assumption that the resistance change with frequency 
is the same for 1/10 N, KCl as it is for sea water. 


Fig. 3. Electrolytic cells. Mounted in the hard rubber cover of the bath. 


The sea water for conductivity measurements was collected 
by the U. S.S. Androscoggin on April 9, 1918, in Latitude 30°-4’N 
and Longitude 67°-10’W. This water had a high salinity and 
the more dilute samples were prepared from it by adding dis- 
tilled water. The one sample of a higher salinity was prepared 
by carefully distilling sea water. The distillate was measured for 
conductivity and the low conductivity obtained showed that 
no chemicals in the sea water were given off. : 
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RECORDER 


To modify the Leeds and Northrup recorder for using alter- 
nating current at low frequency the only change necessary is 
the substitution of an electro-magnet for the permanent magnet 
in the galvanometer. Experiments were performed using a 
laminated magnet of 2.5 sq. cm. cross section and containing 
2000 turns of wire. All other parts of the galvanometer were 
unchanged except that the damping coil on the moving system 
“was removed. The moving coil has 147 turns, a resistance of 45 
ohms and an area of 3.65 sq. cm. The average flux density 
passing through the moving coil was found for different currents 
in the stationary coil. These are given in table 1. 

With this galvanometer and the resistances shown in figure 1, 
critical damping of the galvanometer was obtained with 0.65 
amperes in the fixed coil (i:) and 0.15 amperes in the bridge circuit 
(i,): With a change of 0.03 of an ohm (corresponding, to 0.01 in 
salinity), in the resistance marked A, the end of the aluminum 
pointer of the galvanometer which is 4 cm. long, moved 1.3 mm. 
This sensitivity is sufficient to permit recording to 0.01 in sa- 
linity on shipboard. Reducing the current in the fixed coil to 
0.4 amperes only slightly underdamped the galvanometer and 
gave almost the same sensitivity. 

The resistances in the two arms of the bridge are a 100 ohm 
coil and a resistance determined by the ratio of the electrical re- 
sistance capacities of the two cells. This ratio was determined 
by repeated measurements of the resistances of the two cells 
containing the same solution at the same temperature. The 
ratio of sealed cell to open cell gives 104.18 ohms as the resist- 
ance of the coil in the second arm of the bridge. The slide wire 
of the recorder will have a resistance depending on the accuracy 
required in the measurements of salinity. If the salinity is to 
be recorded to 0.01 then resistances can be inserted, automatically, 
in one of the ratio arms so that the slide wire can be used twice 
throughout the range of salinities measured. 
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The densities of the six samples of sea water were measured 
at 25°C. by the Bureau of Standards. Table 2 gives the 
densities referred to distilled water at 4°C. and conductivities 
in reciprocal ohms. The salinities (grams of total salt per 1000 
grams of sea water) given are calculated from the densities at 
25°C. by means of Martin Knudsen’s Hydrographical Tables. 


TABLE 1 


Fuax Density 1n Corn 





CURRENT, AMPERES 





2400 
2760 
2990 


0. 
0. 
e 
1. 
5. 








Samples 2 and 3 are from the same sea water which was col- 
lected in two bottles. The accuracy of the conductivity meas- 
urements is limited by the accuracy of determining the densities, 
which is 2 in the. fifth decimal place. 


TABLE 2 


Spreciric Conpuctiviting AT 25° C. 





SALINITY DENsITY AT 25°C. me ee 





38. 46 1.02598 0.05767 
36.58 1.02456 0.05514 
36. 57 1.02455 0.05515 
34.52 1.02300 0.05240 
32.47 1.02146 0.04966 
30.62 1.02006 0.04711 
29.. 15 1.01896 0.04518 














The mean temperature coefficient of sea water per degree C. 
between 18°C. and 25°C. expressed in terms of conductivity at 
18°C. is 0.02237 for a salinity of 29, and 0.02212 for a salinity of 
37. 
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CONCLUDING REMARKS 


It is quite probable that this recording salinometer and the 
recording thermometer mentioned in the first paper can also be 
used, with some modifications, to measure the physical properties 
of sea water below the surface, at least to moderate depths. This 
method of observation at various oceanographic stations would 
seem to be far more advantageous than the present instruments 
used for this work. These advantages are, first, many more ob- 
servations could be made in the same length of time; secondly, 
the observations would be immediately available for correlation 
and study; thirdly, a corroboration of any doubtful data could 
easily and quickly be made. 

Recently some other important recording instruments have 
been designed and built for oceanographic research. A current 
meter, designed by Hans Pettersson,* has been successfully used 
to obtain the direction and velocity of the currents in the North 
Sea and along the coasts of Norway and Sweden. This meter 
can be suspended at various depths below the surface by means 
of a special anchor and buoy and will. automatically register 
both direction and velocity for a period of two weeks. 

R. A. Daly* and H. C. Clark have also designed and con- 
structed a deep sea thermograph which will give a high degree 
of accuracy. This instrument is also automatic and will give a 
record of the temperature at any depth for a period of one week. 

Systematic observations with a number of these automatic 
thermographs and current meters supplemented with a continu- 
ous record of surface salinity and temperature, and also salini- 
ties and temperatures below the surface at various stations, 
greatly increase our knowledge of ocean circulation. Such ob- 
servations made simultaneously and at definite intervals through- 
out the cross-section of an ocean current, as for instance the Gulf 
Stream, would yield results of great scientific value. 


* Quart. Journ. Met. Soc. London 1915. Monthly Weather Review, May, 


1917. 
4 Dr. Daly recently informed me that a description of this thermograph will 
soon appear in an issue of the Bulletin of the Museum of Comparative Zoology, 


Harvard University. 
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SUMMARY 


A new method of obtaining a continuous record of the surface: 
salinity of the ocean water by the measurements of the electri- 
cal conductivity is described. The various sources of error have 
been investigated and were mostly found to be negligible. A 
small correction must be applied for the lack of temperature 
compensation if a high degree of accuracy is required in the 
salinity measurements. 

The instrument will respond rapidly to the maximum rate of 
change of salinity or temperature which may occur in the ocean 
water in moving, at ordinary speeds, across the boundary of cur- 
rents of the greatest difference in salinity. The accuracy of the 
method is limited by the accuracy with which the standard sea 
water in the sealed cell is known. 

The conductivity of sea water is given throughout the range 
of concentration found in the open ocean. 

The paper concludes with suggested applications of the salinity 
recorder in conjunction with other recent recorders for making 
physical oceanographic measurements. 





ABSTRACTS 


Authors of scientific papers are requested to see that abstracts, preferably 
prepared and signed by themselves, are forwarded promptly to the editors. 
The abstracts should conform in length and general style to those appearing 
in this issue. : 


CHEMISTRY.—Chemistry and histology of the glands of the cotton plant, 
with notes on the occurrence of similar glands in related plants. E. E. 
Sranrorp and Arno VirHoEvER. Journ. Agr. Res. 13: 419-436, 
pl. 42-50. May 20, 1918. 

The compounds previously isolated were suspected to occur in glands 
which are found plentifully in various parts of the cotton plant. 
The origin, distribution, structure, and chemistry of these glands were 
therefore studied, and are discussed in detail. They are 6f lysigenous 
formation and more cr less internally located in the primary and sec- 
ondary cortices, foliage, flower, fruit, and seed of Gossypium hirsutum 
and Gossypium barbadense. In the parts of the plant exposed to light 
these glands contain quercetin, probably wholly or partly in the form of 
its glucosides, quercimeritrin and isoquercetin. Under these conditions 
the gland is surrounded by an anthocyan-bearing envelope of flattened 
cells. The chief content of glands not exposed to light is gossypol; no 
anthocyan is found in the flattened cells surrounding such glands. 
Gossypol is found in the glands of the developing corolla; on their ex- 
posure to light it is replaced by quercimeritrin. In the developing 
seedling, the gossypol of the seed is changed without the formation of 
quercimeritrin. 

Internal glands of this type appear to be universally present within 
the genus Gossypium, and occur also in some members of the related gen- 
era, Thespesia, Cienfuegosia, Erioxylon, and Ingenhouzia (Thurberia). 
The only representative of the latter species, I. triloba, commonly 
known as “Arizona wild cotton,’”’ possesses very conspicuous glands 
which are arranged like those of Gossypium. 

Gossypium hirsutum also possesses four sets of nectar glands which 
are of an entirely different type, both morphologically and physio- 
logically. These glands are briefly described. E. E. 8. 
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CHEMISTRY.—Chemistry of the cotton plant, with special reference to 
Upland cotton. Arno VieHorver, Lewis H. Cuernorr, and 
Cart O; Jouns. Journ. Agr. Res. 13: 345-352. May 13, 1918. 

This paper represents the first part of a chemical and biological 
investigation of the cotton plant (species of Gossypium), undertaken 
with the purpose of isolating and determining the nature and location 
within the plant of the substance or substances which prove so attractive 
to the boll weevil. The isolation of an ethereal oil from different parts 
of the plant is described. Upon.-investigation the Bureau of Ento- 
mology found this oil to be decidedly attractive to boll weevils. This 
volatile oil showed characteristics different from those of an ethereal 
oil obtained from the rootbark of Gossypium herbaceum. It distills 
mainly between 200° and 300°C., the lower fractions having a yellow 
to greenish yellow, the higher fractions a light green. to dark blue color. 
The plants contained an average of 0.0015 per cent of the ethereal oil, 
the squaring plants apparently yielding the largest amounts. 

The isolation from Upland cotton of the glucosides quercimeritrin 
and its isomer isoquercitrin, formerly found in other types of cotton, 
is also discussed. In the leaves and flowers, with petals removed, 
quercimeritrin was found, while from the petals both quercimeritrin 
and isoquercitrin were obtained. The glucoside gossypitrin and its 
product of hydrolysis gossypetin, both found in other types of cotton, 
could not be isolated from Upland cotton. The chemical results throw 


an interesting light on the relationship of different species of cotton. 
A. V. and C. O. J. 





SCIENTIFIC NOTES AND NEWS 


_ The Mission of French Scholars to the United States visited Wash- 
ington on November 18, 1918. The visiting members were: Professors 
EMANUEL DE MARTONNE, FERNAND BALDENSPERGER, and CHARLES 
CazaMIAN, of the University of Paris; Dr. Errenne Burnet, of the 
Pasteur Institute; Dr. Tazoporr Rernacu; Mr. Cuaruies Korcuuin; 
and Mr. Seymour pe Ricci. 


A new Hygienic Laboratory of the Public Health Service will be 
built on the grounds occupied by the present Laboratory at Twenty- 
coon — E Streets. The new laboratory will cost approximately 


Mr. Rosert Somers Brooxines, of St. Louis, chairman of the price 
fixing committee of the War Industries Board, has been elected by the 
Senate to succeed the late Charles W. Fairbanks as a regent of the 
Smithsonian Institution. , 


Major Samuet Avery -of the Chemical Warfare Service has been 
permitted by the War Department to resign his commission in order to 
resume his duties as chancelor of the University of Nebraska. 


Mr. H. 8S. Batuey has resigned from the Bureau of Chemistry, U. 8. 
Department of Agriculture, and is with E. I. du Pont de Nemours & 


Co., of Wilmington, Delaware. 


Dr. Wriu1aM N. Bere, of the Bureau of Animal Industry, has been 
commissioned a captain in the Sanitary Corps, and has been detailed 
to the Yale Army Laboratory School at New Haven, Connecticut. 


Brig. Gen. Wriu1aM H. Brxsy, U. 8. A., Retired, formerly chief of 
engineers, has been relieved from emergency duty at St. Louis, and 
has been transferred to Chicago. 


Mr. H. E. Hower, formerly manager of the commercial department 
of Arthur D. Little, Inc., of Cambridge, Massachusetts, has been ap- 
pointed consulting chemist to the Nitrate Division, Ordnance Depart- 
ment of the Army. 


Mr. Epwrn Henry INGERSOLL, chemist in the Bureau of Animal 
Industry, U. S. Department of Agriculture, died of influenza on No- 
vember 5, 1918. Mr. Ingersoll was born in the District of Columbia 
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in June, 1887. He was a graduate of George Washington University 
and had been in the government service for thirteen years, acting also 
as instructor at the University during a part of that time. He was a 
member of the Chemical Society. 


Mr. Freperick KnaB, of the Bureau of Entomology, U. 8. Depart- 
ment of Agriculture, died on November 2, 1918, in his fifty-fourth 
year. Mr. Knab was born at Wirzburg, Germany, September 22, 
1865. He was engaged in entomological work in Massachusetts and 
Illinois for a number of years, and then entered the service of the Bu- 
reau of Entomology in 1906. His scientific studies and publications 
were concerned chiefly with the coleoptera and diptera. He was a 
member of the Biological and Entomological Societies of Washington. 
In his will, dated July 6, 1918, he bequeathed funds to the Entomologi- 
cal Society for its publication fund, and his library and collections to the 
National Museum. 


Lt. Col. Gitpert N. Lewis has returned from France and has been 
in Washington for several weeks on business connected with the Chem- 
ical Warfare Service. 


Dr. ArtemMas Martn, of the U. 8. Coast and Geodetic Survey, died 
on November 7, 1918, in his eighty-fourth year. Dr. Martin was 
born in Steuben County, New York, August 3, 1835. He had been 
connected with the Coast Survey since 1885. For many years he had 
been a frequent contributor to mathematical journals, and he also 
edited and published the Mathematical Visitor and the Mathematical 
Magazine. His writings dealt chiefly with properties of triangles, 
logarithms, properties of numbers, diophantine analysis, probability, 
and elliptic integrals. He was a member of the Philosophical Society 
of Washington and of many American and foreign mathematical 
societies. 


Colonel Jonn Mruuts, of the Corps of Engineers, U. 8. Army, hag’ 
been transferred from the Engineer Office at Savannah, Georgia, to the 
Headquarters of the Central Department, at Chicago, Illinois. 


Dr. Cuartes ReirTewt, formerly Professor of Economics and Cost 
Accounting at the Wharton School of Finance and Commerce, Uni- 
versity of Pennsylvania, has recenty been appointed Economist at the 
Bureau of Standards. 


Dr. Cuartes Ricaarp VAN Hiss, President of the University of 
Wisconsin, and a nonresident member of the Acapremy, died on No- 
vember 19, 1918. President Van Hise was born at Fulton, Wisconsin, 
May 29, 1857. His entire academic career was spent at the University 
of Wisconsin, where he became successively professor of metallurgy, 
professor of mineralogy and petrology, professor of geology, and finally 
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president of the University (in 1903). He was associated also with the 
Wisconsin Geological Survey and the U. S. Geological Survey. His 
publications, which include several monographs of the U. 8. Geological 
Survey, were concerned chiefly with metamorphism, ore deposits, 
structural and Pre-Cambrian geology, and, latterly, conservation and 
economics. He was a member of the Geological Society of Washing- 
ton, the National Academy of Sciences, and many American and 
European scientific societies. 


Dr. Epwarp Hastam Watters, formerly a biochemist in the Bureau 
of Plant Industry, U. 8. Department of Agriculture, died in France of 
bronchial pneumonia on September 25, 1918. Dr. Walters was born 
December 12, 1891, graduated from the Utah Agricultural College and 
the University of California, and entered the Bureau of Chemistry in 
1910. He was transferred to the Office of Soil Fertility Investigations, 
now a part of the Bureau of Plant Industry, in 1913: In December 
1917 he was commissioned a first lieutenant in the Sanitary Corps, 
N. A., and was assigned to the Central Medical Department Labora- 
tory of the American Expeditionary Forces in France. He was the 
author of several papers on the isolation of certain organic compounds 
in soils. He was a member of the Chemical Society. 
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ern Wyoming. Etiot BLAcKWEL- 
DER. 417. 

tNorth Dakota, formation hitherto 
unaccounted for in. A. J. Con- 
LIER. 412. 

*Oil shale of the Uinta Basin, north- 
eastern Utah, and results of dry 
distillation. D. E. Wincuester. 
501. 

*Ore deposits of northwestern part 
of the Garnet Range, Montana. 
J.T. Parprer. 290. 

tPaleozoic rocks and fossils on the 
Piedmont of Maryland. R. S. 
Basster. 411. 

*Pawhuska quadrangle, geologic 
structure of northwestern part of. 
K.C. Heaup. 249. 

*Phosphatic oil shales, Beaverhead 
County, Montana. C. F. Bowen. 
248. 

tPleistocene shore 
and New Hampshire. 
410. 

tPreglacial history of Yosemite 
Valley. F. E. Marrugs. 98. 

Pyrolusite from Virginia. T. L. 
Watson and E. T. Wherry. 
550. 

*Quaternary 
eastern Wisconsin. 
537. 


H. E. 


lines in Maine 
F. J. Katz. 


geology of south- 
W. C. ALDEN. 
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*Quicksilver deposits of the Phoe- 
nix Mountains, Arizona. F. C. 
Scuraper. 538. 

tRocky Mountain National Park, 
Geology of. W. T. Ler. 99. 

*Salt Creek oil field. Wyoming. 
C. H. WeGeMann. 538. 

*Salt domes, Palestine and Bren- 

' ham, Texas. O. B. Hopxtns. 
173. 

tSprings, classification of. 
Bryan. 412. 

*Stones of Minnesota, the structural 
and ornamental. OLIveR BowLes. 
453. 

*Strontianite deposits near Barstow, 
California. ApotpH Kwnopr. 94. 

*Tin resources of Kings Mountain 
district, North Carolina and 
South Carolina. Artuur Keir 
and D. B. Sterretr. 129. 

Titanium-bearing corundum spinel- 
lite (rock emery). THomas T. Wat- 
sonand Greorce Sreicer. 665. 

*Uinta Mountains, Utah, geological 
reconnaissance of, with reference 
to phosphate. A. R. Scuuurz. 
453. 

tValdez delta, 
son. 410. 

*Zine carbonate and related copper 
carbonate ores at Ophir, Utah. 
G. F. Lovertum. 129. 

See also: Economics; Geography; 
M‘neralogy; Petrology. 

History. Philosophical Society. of 
Washington, origin of. W. H. 
Datu. 29. 

Mammalogy. tBears of Yellowstone 
Park; food partly furnished by 
pine squirrels. VERNON BAILEY. 
28. 

tMarmots, distribution of, in Wash- 
ington. W. P. Tayuor. 41. 

*Rice rats (Orozomys) of North 
America. E. A. Gotpman. 659. 

Rodents, synopsis of the super- 
generic groups of. G. S. MILLER, 
Jr., and J. W. Grptey. 431. 


KIRK 


the. B. L. Joun- 
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Mathematics. {Integration formulae, 
approximate, a general system of. 
M. Sasuty. 371. 
tLambert’s conformal conic projec- 
tion. O. S. Apams. 104. 
Metallography. *Muntz metal (60-40 
brass), deterioration of, by selec- 
tive corrosion. H. S. Bawpon. 
406. , 
tThermal expansion of alpha and 
of beta brass. P. D. Merica and 
L. W. Scuap. 293. 
Metallurgy. *Copper. (Bur. Stand. 
Cire. No. 73.) 537. 
Meteoralogy. Fog and cloud. W. J. 
Humpureys. 504. 
tChalmersite, a new 
B. L. JoHNson. 


Mineralogy. 
ore of copper. 
99. 

tCopper and zinc, relation of, in 
carbonate ore at Ophir, Utah. 
G. F. Lover. 98. 

Pyrolusite from Virginia. T. L. 
Watson and E. T. Wuerry. 
550. 

tTungstenite, a new mineral. R. C. 
WetLs. 99. 

Vivianite from land pebble phos- 
phate deposits of Florida. T. L. 
Watson and 8. D. Goocx. 82. 

Mycology. *Aspergillus fumigatus, A 
nidulans, A. terreus n. sp. and 
their allies. CHarLEs THom and 
Marearet B. Cuurcn. 576. 

§National Research Council, war 
organization of. 337. 

Nomenclature. tGeneric types. A. 8S. 
Hitrencock. 375. 

Oceanography. An instrument for re- 
cording sea-water salinity. A. L. 
Tuuras. 680. 

—— Sea-water salinity, instrument 
for recording. E. E. Wrerset and 
A. L. Tuuras. 145. 

Ordnance. tDevelopment of artillery 
during the war. Joun HeapD.iam. 
*291, 301. 


Ornithology. 


*Alabama birds, further 
notes on. L. 8. Gousan and E. 
G. Hour. 541. 

*Anamba Islands, birds of. H. C. 
OBERHOLSER. 131. 

Anatidae, new genus of, from South 
America. H.C. OsperHoutser. 175. 

*A. O. U. check-list, second annual 
list of changes in. H. C. Oper- 
HOLSER. 96; third list, 608. 

*Autumn water-bird records at 
Washington, D. C. [1916]. H. C. 
OBERHOLSER. 602. 

*Bawean Island, Java Sea, birds of. 
H. C. OperHouser. 132. 

tCalifornia vulture, occurrence in 
Idaho. T. E. Witcox. 25. 

*Clay and O’Brien counties, Iowa, 
bird list of. I. N. Gaprretson. 
603. 

*Connecticut birds, notes on. I. 
N. GABRIELSON. 

*Cooperative census of birds at 
Washington, D. C. H. C. Oper- 
HOLSER. 97. 

*Costa’s humming bird—its type 
locality, early history, and name. 
T. S. Patmer. 602. 

*Cuckoo, new, from New Zealand. 
ALEXANDER WeTMORE. 409. 

*Desecheo Island, Porto Rico, birds 
of. ALEXANDER WeTMORE. 607. 

*Empidonax trailii, status of. H. 
C. OBERHOLSER. 608. 

*Egg, abnormal, of Fulica amer?- 
cana. ALEXANDER WETMORE. 407. 

*Fossil bird Palaeochenoides mio- 
ceanus, relationships of. ALEx- 
ANDER WETMORE. 408. 

*Generic names applied to birds 
during the years 1906 to 1915, 
inclusive. C. W. Ricumonp. 131. 

*Geothlypis beldingi, a new sub- 
species of. H. C. OBmRHOLSER. 
175. 

*Great Plains waterfowl breeding 
grounds, and their protection. 
H. C. Opernoiser. 605. 
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*Great Salt Lake, fauna of. ALmx- 
ANDER Wetmore. 409. 

*Haiti, two new birds from. C. W. 
Ricumonp. 408. 

*Haitian avifauna, additions to. 
Pavut Bartsce. 133. 

tHerons, an intensive feeding habit 
in young. J. T. Zitwwer. 296. 

*Honey-eater, new, from Marianne 
Islands. ALEXANDER WETMORE. 
409. 

*Iowa birds, two recent lists of. 
I. N. Gasrieitson. 540. 

*Java Sea, bird collections, by Dr. 
W. L. Assorr. 605. 

tKey to ornithological literature. 
T. S. Patmer. 26. 

*Leach petrel (Oceanodroma leu- 
corhoa), review of subspecies of. 
H. C. OperHotser. 174. 

tLead poisoning in waterfowl. 
ALEXANDER WETMORE. 374. 

*Local names of birds. W. L. 
McAteer. 541. 


*Martin roost in Washington, D. C. 


H. C. OsperHouser. 175. 

*Migration of North American swal- 
lows. H. C. Opsernouser. 207. 

*Mutanda’ ornithologica. H. C. 
OserRHotseR. I, 134; II, 408; 
III, 604. 

*New birds 
Bolivia, diagnoses of. 
Topp. 133. 

New genus of Timaliidae. H. C. 
OBERHOLSER. 394. 

*North American birds, notes on. 
H. C. Oseruotser. II, 130; III, 
176; IV, 607. 

*Numenius americanus, subspecies 
of. H.C. Osperuotser. 604. 
*Pedioecetes, review of the genus in 
Colorado. F. C. Liancotn. 133. 
*Perisoreus obscurus, a new sub- 
species of. H. C. OBERHOLSER. 

174. 

*Porto Rican grasshopper sparrow. 

J. L. Perers. 133. 


from Colombia and 
W. E. C. 
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*Ruddy duck (Hrismatura jamai- 
censis), secondary sexual char- 
acters in male of. ALEXANDER 
Wetmore. 409. 

*Santo Domingo birds, 
markable new species of. 
“Rizey. 131. 

*South American birds, new genera, 

"species, and subspecies of. W. E. 
C. Topp. 134. 

*Stomach lining, shedding of, by 
birds, especially Anatidae. W. L. 
McAteer. 606. : 

*Washington, D. C., a second bird 
survey at. H. C. OperHoLser. 
603. 

*Washington region. H. C. Oper- 
HOLSER. 134, 174, 407. 

*Winter birds about Washington, 
D. C., 1916-1917. W. L. McATrer 
et al. 407. 

Paleontology. *Foraminifera (genus 
Orthophragmina) from Georgia 
and Florida. C. W. Cooxe and 
J. A. CusumMan. 96. 

Parasitology. *Ascaris lumbricoides 
and related forms, life history of. 
B. H. Ransom and W. D. Fostmr. 
38. 

*Gongylonema scutatum, life history 
of. B. H. Ransom and M. C. 
Hauu. 19. 

*Live stock parasites, development 
of methods for control and treat- 
ment of. B. H. Ransom. 66. 

*Nematodes of ruminants trans- 
missible to man; occurrence in 
the United States. B. H. Ran- 
som. 39. 

*Oil of Chenopodium and chloro- 
form as anthelmintics. M. C. 
Haut and W. D. Foster. 38. 

*Sarcosporidia, zoological position 
of. Howarp Crawtiey. 39. 

*Sheep tick; its eradication by dip- 
ping. Marion Imgs. 66. 

*Trichnosis, serum-therapy- for. 
BENJAMIN ScHwarRTz. 39. 


three re- 
J. H. 





714 INDEX 


Pathology. An unusual human speci- 
men. G. W. Barrp. 28. 

TtMilk sickness or trembles, cause of. 
C. D. Marsa. ° 330. 

Petrology. *Adirondack 
N. L. Bowen. 206. 

*Anorthosites, problem of. N. L. 
Bowen. 205. 

*Chemical analyses of igneous rocks 
from 1884 to 1913. H. S. Wasu- 
INGTON. 66. 

Glass-making processes; their sig- 
nificance to the petrologist. N. 
L. Bowen. 88. 

§Petrologists’ Club of Washington; 
review of its work. R. B. Sos- 
MAN. 261. 

Physical Chemistry. 
eter calibration. 
248. 

tLead oxides, polymorphism of. 
H. E. Merwin and L. H. Apams. 
75. 

tPhase rule, quantitative applica- 
tions of. G. W. Morey and E. D. 
WILLIAMSON. 75. 

Physics. tActinium emanation, diffu- 
sion of and- recoil from. L. W. 
McKeenwan. 74. 

tAmmonia, latent and specific heats 
of. N. S. Osporne and M. S. 
Van Dusen. 103. 

Ammeter, an optical. 
77. 

tAnemometer, Robinson’s, a simpli- 
fied form of. B. C. Kapgu. 255. 

tBarometric ripples. W. J. Hum- 
PHREYS. 182. 

tCompressibilities of solids under 
hydrostatic pressure, measur- 
ment of. E. D. Witu1amson and 
L. H. Apams. 102. 

*Color standards and methods of 
color nomenclature. I. G. Priest. 
247. 

Colors, complementary, and the 
properties of pigments. H. E. 
Merwin. 254. 


intrusives. 


*Gas interferom- 
J. D. Epwarps. 


P. D. Foorsr. 


TtDaylight, artificial, precision 
method for producing. I. G. 
Priest. 254. 

TDirect-current corona, experiments 
on. S.J. Crooxer. 73. 

fEarth-current measurements, pres- 
sure and temperature effects in. 

8S. J. Mavucuiy. 371. 

tElectrical measurements at radio 
frequencies. J. H. DELLINGER. 
293. 

Electron, size and shape of. 
Compton. 1. 

tElectrons, critical potentials for, 
in metallic vapors. J. T. Tarte 

and P. D. Footer. 73. 

+Gas iron, constitution of the. A. 
Q. Toor. 506. 

flonization and resonance poten- 
tials for electrons in vapors of 
magnesium and thallium. P. D. 
Foote and F. L. Monper. 373. 

*Latent heat of pressure variation 
of liquid ammonia. N. S. Os- 
BORNE and M. 8S. Van Dusen. 
201. 

*Latent heat of vaporization of 
ammonia. N. 8S. Ossporne and 
M. 8S. Van Dusen. 202. 

Mercury still, of silica glass. J. C. 
HostetrerR and R. B. Sosman. 
11. 

Periodic system of the elements. 
P. V. WELis. 232. 

*Photo-electric cell and other selec- 
tive radiometers. W. W. Cos- 
LENTZ. 536. 

*Photoelectric sensitivity of bis- 
muthinite and other substances. 
W. W. Cospientz. 574. 

tPlanck’s law, determination of the 
constant Cy C. E. MeEnpen- 
HALL. 292. 

*Radio instruments and measure- 
ments (Bur. Stand. Cire. No. 74). 
368. 

tRadium luminous materials. N. 
E. Dorsey. 74. 


A. H. 
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tRefractive index and optical dis- 
persion of air. W. F. Mracers 
and C. G. Perers. 181. 

*Resonance and ionization poten- 
tials for electrons in cadmium 
vapor. P. D. Foore and J. T. 
TaTe. 328. 

*Specific heat of liquid ammonia. 
N. 8. Osporne and M. 8. Van 
Dusen. 201. 

*Spectro-radiometric investigation 
of the transmission of various 
substances. W. W. CoBLentTz et 
al. 574. 

*Thermal expansion of alpha and of 
beta brass between 0°-600°C. P. 
D. Merica and L. W. Scuap. 573. 

Thermoelectric effects, peculiar. P. 
D. Foote and T. R. Harrison. 
545. 

Voltage discharge, low, in sodium 
vapor. P. D. Foote and F. L. 
Mouter. 513. 

X-rays, efficient production of. 
P. T. Weeks. 253. 


{X-rays, emission quanta phenom- 


D. L. Wesster. 292. 

{X-ray protective materials. W. 
S. Gorton. 251. 

See also: Crystallography;  Elec- 
tricity; Radiometry; Radioteleg- 
raphy; Soil Physics; Spectroscopy; 
Terrestrial Magnetism. 

Physiology. Mesencephalic root of 
man and the guinea pig, sensory 
fibers in. W. F. Atuen. 15. 

TtRed blood corpuscles of the sheep, 
ox, and hog; their relative resist- 
ance. M. W. Lyon, Jr. 42. 

Phytopathology. *Apple-spot diseases, 
irrigation experiments on. 
Cuartes Brooxs and D. F., 
FisHer. 563. 

*Bacterial . diseases of 
NELLIE A. Brown. 564. 

*Blackleg of the potato, influence of 
temperature and precipitation on. 
J. Rospnpaum and G. B. Ramsey. 
565. 


ena in. 


lettuce. 
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*Cucumber angular leaf spot. W. 
W. Giupert and M. W. GaRpNEr. 
660. 

tDowny mildews of 
origin and distribution. 
Weston. 43. 

*Host relationships of North Amer- 
ican rusts (other than Gymno- 
sporangiums) attacking conifers. 
A. 8. Ruoaps et al. 564. 

*Leafblight of Kalmia latifolia. 
Evia M. A. Entows. 563. 

*Okra, hitherto unreported dis- 
ease of. L. L. Harter. 565. 

7Physoderma disease of maize. G. 
R. Lyman. 43. 

*Potato-scab organism, growth of. 
at various hydrogen-ion concen- 
trations. L. J. Grutespre. 562. 

tWhite-pine blister rust; biological 
aspects of its spread. PERLEY 
Spauutpine. 40. 

Plant Physiology. *Boron: its  dis- 
tribution and effect on crops. 
F. C. Coox and J. B. Witson. 
661. 

Reactions of soils supporting certain 
orchids. E. T. WHerry. 589. 
*Respiration and catalase activity 
in sweet corn. C, O. APPLEMAN. 

632. 

*Sodium nitrate, effect of, on yield, 
composition, and quality of wheat. 
J. Davipson and J. A. LeCuerc. 
633. 

*Wheat flour substitutes. J. A. 
LeCuerc. 632. 

Radiotelegraphy. Contact detectors 
in radio measurements, new meth- 
od of using. L. W. AvsTIN. 
569. 

Resonance measurements in radig- 
telegraphy with the oscillating 
audion. L. W. Austin. 498. 

Scientific notes and news: 76,° 107, 
143, 184, 221, 260, 300, 334, 377, 
415, 460, 508, 543, 568, 579, 611. 


maize; their 
W. H. 
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Soil Physics. *Hydrogen-ion concen- 
tration measurements of soils of 
two types. L. J. Giuiespre and 
L. A. Hurst. 578. 

*Neutral salts, action of, on humus. 
L. J. Gruuesrre and L. E. Wisp. 
577. 

Spectroscopy. *Dicyanin, application 
to stellar spectroscopy. P. W. 
Merritu. 405. 

*Wave lengths in the red and infra- 
red spectra of iron, cobalt, and 
nickel arcs. W. F. Meaerrs and 
C. C. Kigss. 575. 

Technology. *Balloon fabrics, deter- 
mination of permeability of. J. 
D. Epwarps. 566. 

*Gas mantle lighting conditions in 
ten large cities. R. 8S. McBripr 

‘and C. E. Retnicxer. 456. 

*Glassware, chemical, comparative 
tests of. P. H. Watxer and F. 
W. Smiruer. 578. 

*Household materials (Bur. Stand. 
Cire. No. 70). 456. 

Measuring instruments, variance of, 
in relation to accuracy and sensi- 
tivity. F. J. Scutinx. 395. 

*Milling and baking tests of certain 
cereals. J. A. LeCuerc et al. 
662. 

*Portland cement having high 
magnesia content, properties of. 
P. H. Bares. 250. 

*Viscosity, absolute, determination 
by short-tube viscosimeters. W. 
H. Herscuev. 250. 

*Wax models of fleshy fungi. 
Exveanor C. ALuen. 139. 

*Weighing scale, stabilized plat- 
form, of novel design. F. J. 
Scuuink. 368. 

*Wheat-flour substitutes, chemical 
analysis of. J. A. LeCierc and 
H. L. Wesstine. 662. 

*Wire gages, combined table of sizes 
in (Bur. Stand. Circ. No. 67.) 566. 


Terrestrial Magnetism. tCorrespond- 
ing changes in the earth’s mag- 
netic state and in solar activity, 
1888-1916. L. A. Bauer. 506. 

Cruises III and IV of the yacht 
“‘Carnegie’’ in Arctic and sub- 
Antarctic regions, 1914 to 1917. 
J. P. Autr. 370. 

{Dip-of-horizon measurements made 
‘on the ‘Galilee’ and ‘‘Carnegie.”’ 
W. J. Peters. 505. 

tMagnetic survey of the United 
States. D. L. Hazarp. 369. 

*United States magnetic tables and 
charts for 1915. D. L. Hazarp. 
575. 

Volcanology. *Vents at Stromboli, 
persistence of; bearing on vol- 
eanic mechanism. H. 8. Wassa- 
INGTON. 207. 

Zoology. tBatrachiaris, notes on cer- 
tain United States species. R. 
W. SuHuretpr. 26. 

tBlue crab, life history of. E. P. 
CHURCHILL, JR. 297. 

Ciliate Infusoria, origin of. M. M. 
Metcatr. 427. 

*Crinoids, unstalked, of the Siboga 
expedition. A. H. Crarx. 503. 

tFauna of the human eye. Marrua 
B. Lyon. 414. 

tFish, unrecognized anatomical 
facts as affecting cultural prac- 
tices. W. C. Kenpatu. 213. 

tFishes, speed of. Emmerson 
SrrincoamM. 178. 

tFur industry of Labrador. C. 
BrirRDSEYE. 28. 

tHaak as author of Brisson’s 1762 
edition of Regnum Animale. C. 
W. Stiues. 42. 

tOpalina and the origin of the 
Ciliata. M. M. Mercatr. 414. 

See also: Biology; Conchology; En- 
tomology; Evolution; Mammal- 
ogy; Ornithology; Paleontology; 
Parasitology; Pathology; Physiol- 


ogy. 








